Diverse effects of zinc on NF-kappaB and AP-1 transcription factors: implications for prostate cancer progression.
Nuclear factor-kappaB (NF-kappaB) and AP-1 nuclear transcriptional factors regulate expression of multiple genes involved in tumor growth, metastasis and angiogenesis; however, the relative contribution of each factor to cancer initiation and progression has not been established. Prostate carcinogenesis involves transformation of normal zinc-accumulating epithelial cells to malignant cells that do not accumulate zinc. Whereas activation of both NF-kappaB and AP-1 has been implicated in prostate cancer development and growth, we tested the relative effects of zinc supplementation on these important transcriptional factors. Herein, we demonstrate that physiological levels of zinc inhibit NF-kappaB but augment activities of AP-1 in DU-145 and PC-3 human prostate cancer cells. Additionally, we show that chelation of zinc with membrane-permeable zinc chelator, N,N,N',N',-tetrakis(2-pyridylmethyl) ethylenediamine (TPEN) abolishes this effect. We further propose a potential mechanism for this observation by demonstrating that zinc supplementation induces phosphorylation of the members of three major MAPK subfamilies regulating AP-1 and NF-kappaB activation (ERK 1/2, JNK and p38) while blocking TNF-alpha-mediated degradation of the inhibitory subunit I kappa B alpha and nuclear translocation of RelA in prostate cancer cells. VEGF, IL-6, IL-8 and MMP-9 are major pro-angiogenic and pro-metastatic molecules whose promoter regions contain binding sites for both NF-kappaB and AP-1. These cytokines have been associated with negative prognostic features in prostate cancer. We demonstrate that treatment of human prostate cancer cell lines with zinc reduces expression of VEGF, IL-6, IL-8 and MMP-9. We further show that zinc reduces expression of intercellular adhesion molecule-1 and functionally suppresses tumor cell invasiveness and adhesion. Therefore, the ability of zinc supplementation to inhibit NF-kappaB supercedes zinc-mediated activation of AP-1 family members. Upregulation of intracellular zinc levels may have important implications for inhibiting the angiogenic and metastatic potentials of malignant cells, predominantly through suppression of NF-kappaB signaling.